The mechanical and acoustic emission characteristics of rock-like materials under non-uniform loads were investigated by means of a self-developed mining-induced stress testing system and acoustic emission monitoring system. In the experiments, the specimens were divided into three regions and different initial vertical stresses and stress loading rates were used to simulate different mining conditions. The mechanical and acoustic emission characteristics between regions were compared, and the effects of different initial vertical stresses and different stress loading rates were analysed. The results showed that the mechanical properties and acoustic emission characteristics of rock-like materials can be notably localized. When the initial vertical stress and stress loading rate are fixed, the peak strength of region B is approximately two times that of region A, and the maximum acoustic emission hit value of region A is approximately 1-2 times that of region B. The effects of the initial vertical stress and stress loading rate on the peck strain, maximum hit value, and occurrence time of the maximum hit are similar in that when either of the former increase, the latter all decrease. However, peck strength will increase with the increase in loading rate and decrease with the increase in initial vertical stress. The acoustic emission hits can be used to analyse the damage in rock material, but the number of acoustic emission hits cannot be used alone to determine the degree of rock damage directly.
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Introduction
Coal-gas outbursts, rock bursts, and other coal mine disasters are closely related to the instability and failure of the coal-rock mass (Mohamed et al. 2016; Jiang et al. 2016) . Coal-rock is composed of mineral particles of many sizes and shapes bonded together by cementing material. Under the influence of an external load, the fissures in the coal-rock will be modified, and eventually macroscopic fractures will form, resulting in instability. The damage and rupture of coal-rock are accompanied by acoustic emissions (AEs), and many researchers recommend recording these AEs as an effective way to monitor the stability of the coal-rock mass (Rudajev et al. 2000; Lavrov 2003; Ishida et al. 2010 ).
Coal-rock strength is related to the load imposed (Fakhimi and Hemami 2015; Arora and Mishra 2015; Ghamgosar and Erarslan 2016) , and different loads inevitably lead to different AEs from the coal-rock. Research on the mechanics and AEs of coal-rock under different loads has yielded some meaningful results. Přikryl et al. (2003) carried out uniaxial compression experiments on granitic rocks, and the relationship between the AEs produced and the rock fabric was discussed. Shkuratnik et al. (2005) studied the AEs from triaxial compression of anthracite samples, and the physicomechanical properties of the coal were estimated. Tham et al. (2005) , using an acoustic emission technique, characterized the micro-and macro-failure properties of rock plates under uniaxial tension. Their results revealed how the rock failed, including the initiation, nucleation, and propagation of micro-fractures when the axial stress was close to the rock's peak strength. Moreover, it has been suggested that, when specimens are subjected to stress, the difference in heterogeneity between granite and marble specimens leads to different fracture shapes and different AEs. Moradian et al. (2010) evaluated the AEs generated during direct shear tests on different types of joints (rock-rock, rock-concrete, and concrete-concrete). That study showed that AEs provide sufficient precision to monitor shear behaviour along the joints and can be used with confidence in sites. Meng et al. (2016) explored energy accumulation, evolution, and dissipation in uniaxial cyclic loading and unloading compression of 30 sandstone rock specimens under six different loading rates, and the stress-strain relations and acoustic emission characteristics of the deformation and failure of rock specimens were analysed.
The studies described above have contributed to the understanding of rock damage and mine disaster prevention. However, the loading conditions used in the investigations cited could not well simulate the mechanical conditions of a real coal mine. Before mining activities, the coal-rock mass is in a natural state of stress equilibrium. After mining, the state of stress equilibrium is disturbed by an opening formed due to underground extraction of part of the coal seam and the stress of the overburden directly above the opening is transferred from the immediate roof to surrounding coal-rocks (Peng 1986; Rezaei et al. 2015) . Mining-induced stresses differ from the traditional uniaxial, biaxial, and triaxial compression stresses used in experiments in that mining-induced stresses are non-uniform and ever-changing (Yasitli and Unver 2005; Wang et al. 2016) . Therefore, studying the mechanical and AE characteristics of coal-rocks under non-uniformly distributed loads is of great significance to further understanding of the mechanisms of coal-rock mass failure, thus advancing the objective of mine disaster prevention. In this manuscript, nonuniform load experiments were considered by using the self-developed mining-induced stress testing system with acoustic emission monitoring under the two conditions of different initial vertical stresses and different stress loading rates. The strength, deformation, acoustic emissions, and damage evolution characteristics of rock-like materials were analysed systematically.
Test System, Specimens, and Testing Methods

Test System
Mining-Induced Stress Test Machine
The mining-induced stress test machine used ( Fig. 1 ) includes a main loading frame with vertical and horizontal loading systems. The vertical loading system is made up of five sets of hydraulic loading cylinders, and the horizontal loading system includes three sets of hydraulic loading cylinders (Fig. 2) . Five different vertical stresses (P 1 , P 2 , P 3 , P 4 , and P 5 ) and three different horizontal stresses (F 1 , F 2 , and F 3 ) can be applied independently to impart non-uniform loads on the rock. Alternatively, the vertical units and horizontal units can be synchronized to apply a uniform load. Each vertical loading unit is 150 mm × 100 mm in size, and a maximum vertical load of 900 kN (60 MPa) can be applied. Each horizontal loading unit is 150 mm × 167 mm in size, and the maximum single-point vertical load is 500 kN (20 MPa). The maximum size of a test specimen is 500 mm (long) × 150 mm (width) × 150 mm (height), and the minimum size of a test specimen is 100 mm × 150 mm × 150 mm. The maximum displacement of the hydraulic cylinders is 200 mm, and the displacement sensors can measure over a 300-mm range. The loading modes of the units include a displacement control loading mode and a stress control loading mode. The minimum displacement loading rate is 0.5 mm/min, and the maximum rate is 100 mm/min. The minimum stress loading rate is 0.05 kN/s (3.35 kPa/s), and the maximum rate is 100 kN/s (6660 kPa/s).
Acoustic Emissions Monitoring System
Sixteen-channel AE equipment from Physical Acoustics Corporation (PAC, Princeton Junction, New Jersey, USA) ( Fig. 3 ) was used to monitor the AEs generated during damage and failure of the rock-like specimens. The Sensor Highway SH-II board from the Mistras Group (Princeton Junction, New Jersey, USA) used in the AE monitoring system had the advantages of a low threshold, low noise, fast processing, and high reliability. These features reduced the sampling noise effectively.
To monitor the AEs conveniently, 20 holes (Φ20 mm × 25 mm deep) were drilled and arranged (Fig. 4) so that AE sensors could be placed in each side of the horizontal loading units. The AE sensors were arranged in an X-shaped pattern in each vertical loading unit so that they could record the AE signals precisely. Each monitoring hole was preset a connecting hole until the upper surface in the horizontal loading units. When configured in this manner, the data line and amplifier could be connected directly during the experiments without compressing them between the loading units and the specimen. This arrangement solved the problem of monitoring the AE signals while applying the horizontal load.
Specimens
The natural rock may have joints and/or fractures, which may cause some interference with the experimental results of a non-uniform load under the two conditions of different initial vertical stresses and different stress loading rates. Meanwhile, obtaining a batch of relatively large-scale (300 mm × 150 mm × 150 mm) real coal-rock bodies was very difficult.
Taking the above into account, synthetic rock-like material was used to study the mechanics and AEs in these experiments on coal-rock under non-uniformly distributed loads. To simplify the test procedure and data analysis, only three loading units were used to perform the non-uniform load test (Fig. 4) . The specimens tested were "bricks" of gypsum and water mixed in a 2:1 ratio (Fig. 5) . The specimens were 300 mm × 150 mm × 150 mm in size and were subdivided into three regions for testing purposes, regions A, B, and C. These regions correspond to the sections of the brick to which the vertical stresses P 1 , P 2 , and P 3 were applied. At the same time, to compare with the non-uniform load test, three specimens with a scale of 100 mm × 150 mm × 150 mm (one-third of the non-uniform loading test specimens, corresponding to a region) were also made, as shown in Fig. 6 . These mixed rock-like mater ials are suitable to simulate the brittle coal-rock, such as the coal-rock from Yanzhou coal mine. Figure 7 shows the uniaxial compression stress-strain curves of rock-like material and real coal-rock with the same specimen size of 100 mm × 100 mm × 200 mm and the same displacement loading rate (0.01 mm/s). The uniaxial compression strength of rock-like material and real coal-rock is approximately 15.86 and 15.59 MPa, with a deviation of 0.27 MPa. The elastic modulus of rock-like material and real coal-rock is approximately 4.17 and 5.06 GPa, with a deviation of 0.89 GPa.
Experimental Methods
To consider two different states of initial vertical stress and stress loading rate, three different initial vertical stresses (4, 6, and 8 MPa) and three different stress loading rates (0.067, 0.200, and 0.333 MPa/s) were used. The experimental schemes are listed in Table 1 . Different initial vertical stresses can be considered to simulate different mining depths. Assuming an average overburden density of 2000 kg/ m 3 , these vertical stresses simulate mining depths of 200, 300, and 400 m (4, 6, and 8 MPa). Different stress loading rates simulate different stress transfer rates. The greater the stress loading rate is, the larger the stress transfer rate is. The non-uniform load test experimental procedures are described below:
First, the AE sensors are placed in the holes drilled in the horizontal loading units (corresponding to Fig. 4 , the test regions) to monitor the AEs. An appropriate lubricant (petroleum jelly) was smeared on the surface of the sensors to ensure that close contact between the sensors and the specimen was maintained. Threshold values for AEs were determined before the test was begun. Because the maximum stress loading rate of the test run was to be 0.333 MPa/s and the noise from the test machine run at this loading rate did not exceed 40 dB, the threshold value for AE monitoring was set to 40 db.
Second, the specimen was placed on the test bed. To reduce end friction between the loading units and the specimen during the test, the specimen was coated with the same lubricant used on the sensors.
Third, the initial horizontal stresses (F 1 = F 2 = 4 MPa) were imposed by running the horizontal loading units in displacement control mode with the rate of advance set to 0.5 mm/min. This step simulates the initial horizontal stress state before mining.
Fourth, the initial vertical stresses (P 1 = P 2 = P 3 ) were obtained by running the vertical loading units in displacement control mode with the advance rate set to 0.5 mm/ min. The stress was set to 4, 6, or 8 MPa according to different experimental schemes. The different initial vertical stress states before mining were simulated by this step.
Fifth, the stress loading test on region A was carried out by using the stress control mode to simulate the stress concentration and unloading failure of surrounding rock near a mining area. The stress loading rate, V, was set to 0.067, 0.200, or 0.333 MPa/s according to different experimental schemes. The stop loading threshold, K (equivalent to the ratio of residual strength to peak strength), was set to 0.3. When the stress value P 1 reached the stop loading threshold, the loading unit loading mode was changed to the displacement invariant mode.
Finally, the stress loading test on region B was carried out automatically in the stress control mode when the stress value P 1 exerted on region A reached the stop loading threshold. The stress transfer from the damaged area (region A) to the undamaged area (region B) was simulated. The stress loading rate corresponded to the loading rate of region A. Owing to the confining pressure effect of regions A and C, it was difficult for the residual strength of region B to fall to 30% of the peak strength, and this research did not consider the post-peak mechanical properties, so the stop loading threshold K was set to 0.7 in region B. When the stress value P 2 reached the stop loading threshold, the test was ended.
The purpose of the existence of region C is to give the rock block (region B) a actual mining-induced stress boundary environment, so the stress was kept in the initial state. The last three steps were completed automatically by the test system; the AEs were monitored continuously in real time. 
Results
Analysis of Strength and Deformation
To better analyse the mechanical characteristics of rocklike material under non-uniformly distributed load, a biaxial compression test was performed, while the non-uniform load test was carried out. Due to the analysis of the nonuniform distributed load based on region A or region B, the specimen size used in the biaxial compression test was 100 mm × 150 mm × 150 mm, equal to one region size of the non-uniform load test specimen. Similar to nonuniform load test scheme #1, the biaxial test was applied to the fixed confining pressure of 4 MPa; the loading mode adopts the stress loading mode, and the stress loading rate was 0.067 MPa/s. Figure 8 shows the stress-time curve (a) and stress-strain curve (b) of the non-uniform load test scheme #1 and biaxial test rock specimens.
In Fig. 8a , it can be determined that the stress loading rate of the two test modes is the same and that the mechanical peak strength of specimens A and B of the non-uniform load test is higher than that of the traditional biaxial compression test from Fig. 8b . Meanwhile, the peak strain of region A and region B is also higher than that of biaxial compression test specimens. Because of region A and region B of the non-uniform load test specimen, there exists a three-directional binding force in the compression process constraints. For example, region A has the constraint of region B, and region B has the constraint of region A and region C. By comparison with experimental data from the traditional biaxial compression test, the mechanical peak strength and peak deformation of region A and region B of the non-uniform load test are higher. Figure 9 shows the stress-strain curves for region A and region B of rock-like specimens; Table 2 lists the measured peak strengths and peak strain values determined for regions A and B. The mechanical properties of rock-like material in regions A and B are different. When the initial vertical stress and stress loading rate were determined, the peak strength of region B was approximately twice that of region A. For example, when the initial vertical stress was 4.0 MPa and the stress loading rate was 0.067 MPa/s, the peak strengths of regions A and B were approximately 14 and 30 MPa, respectively. The difference shown in peak strength is mainly due to the lack of external constraints on region A but also due to region B being under a constraining stress imposed by the damaged region A. In other words, the constraint caused by external damage can increase the peak strength of the internal rock mass by a ratio of approximately two. In addition, because of the constraints imposed by the external damage blocks, the peak strain ductility of the internal region B is larger than that of the external region A.
Effect of the Initial Vertical Stress
It can be seen from Fig. 10 that, for both regions A and B, the peak strength decreases as the initial vertical stress increases when the stress loading rate is constant. In addition, the greater the initial vertical stress exerted on the specimen, the larger the interaction force generated between regions A and B. The interaction force aggravates the amount of damage in the contact area, thus decreasing the compressive strength. Moreover, at the same stress loading rate, with increasing initial vertical stress, the slopes of the peak strength curves for regions A and B are different. When the stress loading rate is 0.067 MPa/s, the slopes of the peak strength vs. initial stress curves for regions A and B are − 0.255 and − 1.661; when the stress loading rate is 0.200 MPa/s, the slopes of the curves for the two regions are − 0.530 and − 0.203; and when the stress loading rate is 0.333 MPa/s, the slopes of the curves are − 0.504 and − 0.491. Figure 11 shows the peak strain for regions A and B versus different initial vertical stress values. When the stress loading rate is constant, the peak strain decreases with increasing initial vertical stress in both regions. Because of that, the greater the initial vertical stress, the stronger the counterforce between regions and the greater the degree of damage in the adjacent region during compression. This leads to less time being needed for deformation while the stress in the specimen is transferred from the initial vertical stress to its peak value. Therefore, the peak deformation decreases. In addition, under the same stress loading rate, the slopes of the peak strength versus initial vertical stress curves for regions A and B are different. When the stress loading rate is 0.067 MPa/s, the slope of the curve for region A is − 0.081, and the slope of the region B curve is − 1.226. When the stress loading rate is 0.200 MPa/s, the slope of the curve for region A is − 0.116 and that for region B is − 1.036; when the stress loading rate is 0.333 MPa/s, the slopes of the two curves are − 0.112 and − 0.209. Therefore, the peak strain and peak strength in both regions A and B are negatively correlated with the initial vertical stress and stress loading rate.
In summary, the initial vertical stress influences both the peak strength and the peak strain of this rock-like material. The greater the initial vertical stress, the lower the peak strength and the peak deformation of the rock-like material, and the degree of influence of one region on another is also different. This shows that the stress environment has a significant effect on the mechanical properties of coal-rocks and that, to solve practical engineering problems, safe mining needs to involve consideration of the mechanical environment.
Effect of the Stress Loading Rate
As shown in Fig. 12 , when the initial vertical stress is constant, the peak strength increases with the increase in the stress loading rate in both region A and region B. The degree and form of the damage to the rock are different for different stress loading rates. With increasing stress loading rate, the stress on the rock body comes into force more strongly, and the instantaneous damage to the rock body increases; the mode of destruction in the rock is transformed from shear failure to tensile failure. When the initial vertical stress is constant, the slopes of the peak strength versus stress loading rate curves are different. When the initial vertical stress is 4 MPa, the slope of the curve for region A is 9.320, and the slope of the region B curve is 27.726. When the initial vertical stress is 6 MPa, the slopes of the region A and region B curves are 5.195 and 10.094, and when the initial vertical stress is 8 MPa, the two curves have slopes of 5.575 (region A) and 10.139 (region B). Therefore, the influences of the changes in stress loading rate on the peak strength of regions A and B are different. Figure 13 shows how the peak strain in regions A and B changes with different stress loading rates. When the initial vertical stress is constant, the peak strain decreases with increasing stress loading rate in both regions A and B. The reason is that the higher the stress loading rate, the greater the instantaneous stress on the specimen, and therefore, the specimen is damaged without much deformation. Under the same initial vertical stress conditions, the slopes of the peak strain versus stress loading rate curves are different. When the initial vertical stress is 4 MPa, the slope of the peak strain-loading rate curve for region A is − 0.188, and the slope of the region B curve is − 22.977. When the initial vertical stress is 6 MPa, the slopes of the region A and region B curves are − 0.271 and − 21.887, and when the initial vertical stress is 8 MPa, the slope of the curve for region A is -0.658 and that for region B is − 6.940. It is clear that the stress loading rate influences the peak strain in regions A and B differently. In summary, the stress loading rate influences both the peak strength and the peak strain of rock-like material. The higher the stress loading rate, the greater the peak strength and the less intense the peak deformation of the rock-like material. The degree to which the stress loading rate influences each region is different.
Analysis of Acoustic Emissions
There are many parameters to characterize AE characteristics, such as acoustic emission energy, hit, waveform, count, duration time, rising time, and b-value (Lockner 1993; Wasantha et al. 2014; ). To get a suitable parameter to analyse the acoustic emission characteristics of these rock-like materials, some AE characteristics of the uniaxial compression test were discussed before the nonuniformly distributed loading tests. Figure 14 shows the evolution process of acoustic emission (characterized by energy, hit, count, and rising time) characteristics accompanied by the stress-time curve under uniaxial compression. The characteristic parameters of energy, count, and rising time can reflect the acoustic emission characteristics of the peak stage of rock-like material, but they cannot well reflect the AE characteristics of the initial compression phase and elastic phase. The acoustic emission phenomenon of coal-rock material is due to its deformation and crack propagation when subject to external or internal stress. In the early stage of the rock loading, the initial cracks or voids in the rocks will be compacted and closed; therefore, the acoustic emission phenomenon will occur. By analysing the characteristic of the stress-time-hit curve, it is found that the hit parameter can well reflect this feature. Therefore, the acoustic emission characteristics of rock-like materials under non-uniformly distributed loads are analysed by using the hit parameters. Figure 15 shows stress-time-hit curves for biaxial test rock-like specimens, and Fig. 16 shows stress-time-hit curves for non-uniform load test rock-like specimens. Table 3 lists the maximum number of hits and the time of its occurrence during the course of the experiment for regions A and B.
In Fig. 16 , during stress loading and transference, the AE hits went through four stages: a decreasing stage, a sudden increase stage, another decreasing stage, and a final stage of steady increase. The first two stages correspond to the loading of region A, and the last two stages correspond to the loading of region B. In contrast to Figs. 15 and 16a, it can be found that, for both the biaxial compression test and non-uniform load test, the acoustic emission evolution law is similar; they all undergo two stages of stable impact and sudden increase. However, for the traditional biaxial compression, the maximum number of hits at the peak strength stage is greater than the number of region A or region B of non-uniform load. In addition, the occurrence time of the maximum number of hits at the peak strength stage is earlier than that of region A or region B of the non-uniform load test. This is also because region A and region B of the nonuniform load test specimen exist a third-direction binding force in the compression process constraints.
Meanwhile, in Fig. 16 , it can also be found that the characteristics of the maximum number of hits and its occurrence time for region A and region B are different. When the initial vertical stress and stress loading rate are fixed, the maximum number of hits from region A is approximately 1-2 times that from region B. The main reason for this difference lies in the different failure modes in regions A and B. The failure in region A is brittle failure, and brittle failure causes small acoustic waves in rock-like material. For the occurrence time of the maximum number of hits, it is obvious that it occurs earlier in region A than in region B because the test mode forced the region A test earlier than that of region B. Figure 17 shows graphs of the maximum number of hits during the experiment versus the initial vertical stress for regions A and B. As shown in the figure, when the stress loading rate is constant, the maximum number of hits decreases with increasing initial vertical stress in both regions, and the trend of the decrease is approximately linear. The AE hit signals are caused by particles in rock-like material being either extruded or broken. It seems clear that, if the initial vertical stress is high, the specimen will be more compacted when the initial stress load is applied, and the number of AE hit signals caused by particle extrusion will be smaller. At the same time, the damage-inducing force will be greater with increasing initial vertical stress, and the degree of damage in adjacent regions will increase. This means that the time for damage during the peak strength stage will decrease. The decreased time for damage and failure of the specimen during the peak stress stage will lead to smaller failure surfaces and a lower number of hits. Under the same stress loading rate, the slopes of the maximum number of AE hits and initial vertical stress curves for regions A and B are different. When the stress loading rate is 0.067 MPa/s, the slope of the curve for region A is − 373.0, and the slope of the curve for region B is − 296.0. When the stress loading rate is 0.200 MPa/s, the slope of the curve for region A is − 84.5, and the region B curve slope is − 96.5, whereas when the stress loading rate is 0.333 MPa/s, the slopes of 
Effect of the Initial Vertical Stress
(g) (h) Fig. 16 Stress-time-hit curves for non-uniform load test rock-like specimens. a Scheme #1, b scheme #2, c scheme #3, d scheme #4, e scheme #5, f scheme #6, g scheme #7, h scheme #8, i scheme #9 the two curves are − 24.3 (region A) and − 40.8 (region B). The initial vertical stress influences the maximum number of AE hits from regions A and B differently. Figure 18 shows the time of occurrence of the maximum number of hits versus the initial vertical stress for regions A and B. When the stress loading rate is constant, the maximum number of hits occurs sooner during the course of the experiment when the initial vertical stress is greater in both regions. The reason is that the greater the initial vertical stress, the stronger the counterforce between the regions. At the same time, the larger damage of the adjacent area during compression and the earlier time of peak failure of rock-like specimens lead to the earlier occurrence time of the maximum number of hits. In addition, under the same stress loading rate, the slopes of the maximum number of hits occurrence time versus initial vertical stress curves for regions A and B are different. When the stress loading rate is 0.067 MPa/s, the slope of the number of hits and vertical stress curve for region A is − 17.6, and the slope of the curve for region B is − 42.4. When the stress loading rate is 0.200 MPa/s, the slope of the region A curve is − 8.0 and that of region B is − 15.9, whereas when the stress loading rate is 0.333 MPa/s, the slopes of the two curves are − 4.2 and − 3.2. The initial vertical stress does not influence the maximum AE hit occurrence time in regions A and B to the same degree.
In summary, the initial vertical stress has an influence on the maximum number of hits and its occurrence time. The greater the initial vertical stress, the lower the maximum number of hits and the earlier the maximum number of hits, although the magnitude of this influence is different in regions A and B.
Effect of the Stress Loading Rate
As shown in Fig. 19 , when the initial vertical stress is constant, the maximum AE number of hits decreases with increasing stress loading rate in both region A and region B. The higher the stress loading rate, the greater the instantaneous damage to the specimen. The experiments also showed that the total destruction of the rock at the peak strength stage decreases and the number of AE hits decreases as the stress loading rate increases. Under the same initial vertical stress conditions, the slopes of the number of AE hits and stress loading rate curves for regions A and B are different. When the initial vertical stress is 4 MPa, the slope of the curve for region A is − 9387, and the slope of the region B curve is − 5112. When the initial vertical stress is 6 MPa, the slopes of the curves for regions A and B are − 5225 and − 2740, but when the initial vertical stress is 8 MPa, the slopes of the two curves are much lower, − 4142 for region A and − 1270 for region B. The stress loading rate influences the number of maximum AE hits from regions A and B differently. Figure 20 shows the occurrence time of the maximum number of hits for regions A and B versus the stress loading rate. When the initial vertical stress is constant, the occurrence time of the maximum number of hits decreases with increasing stress loading rate in both regions. The higher the stress loading rate, the shorter the peak damage time for the specimen. This leads to the maximum number of hits occurring at an earlier time. The slopes of the occurrence time of the maximum number of hits and stress loading rate curves for region A and region B are different under the same initial vertical stress conditions. When the initial vertical stress is 4 MPa, the slope of the curve for region A is − 424.1, and the slope of the region B curve is − 1699.2 For an initial vertical stress of 6 MPa, the slope of the curve for region A is − 336.8, and the slope of the region B curve is − 1326.3, whereas when the initial vertical stress is 8 MPa, the slopes of the curves are − 222.6 for region A and − 1109.0 for region B. The degree of influence of the stress loading rate on the occurrence time of the maximum number of hits is different for regions A and B.
In summary, the stress loading rate has an influence on both the magnitude and timing of the maximum number of hits for specimens. The higher the stress loading rate, the lower the peak value of the maximum number of hits and the earlier it occurs during the experiments on rock-like material. However, the magnitude of this influence is different in the two test regions.
Damage Evolution
Damage Variable Definition
The concept of damage was first put forward by Kachanov (1958) . In his manuscript, the continuous damage factor and effective stress were used to describe the deterioration of metallic materials in the process of creep fracture. Later, Rabotnov (1969) used the term "damage variable" in his book and then spread it in academia. Due to the damage of material with the change in microstructure and some macroscopic physical properties, many parameters can be used to define damage, such as the number of cracks (Kim et al. 2013) , the elastic coefficient (Mizuno et al. 2010) , the yield stress (Murti et al. 1991) , the density (Kupchella et al. 2015) , and the AE characteristics (Iturrioz et al. 2013; Aggelis 2011; . In this paper, the damage variable is defined by the number of AE hits. Using the AE hits parameter, the damage variable D can be defined as where C d is the total number of AE hits from a specimen in a certain (short) amount of time and C is the total number of AE hits counted for a specimen that has been completely damaged.
Because it is difficult to determine whether a specimen has been completely damaged during an experiment, the damage variable needs to be modified (Zong et al. 2016;  ( Kong et al. 2016) , and the modified damage variable can be expressed as where D u is the damage critical value. Based on the linear function transformation method, the damage critical value can be normalized as where p is the peak strength and c is the residual strength. Figure 21 shows the evolution of damage as expressed by the damage variable for regions A and B under non-uniformly distributed loads. Based on the damage variable, region A is damaged sooner than region B, and the degree of damage acceleration at the peak stress stage is greater. When the stress loading rate is constant with increasing initial vertical stress, the rate of damage to region A gradually decreases, but the damage rate for region B increases. When the initial vertical stress is constant and the stress loading rate increases, the rate of damage to region B increases gradually, but the shape of the damage variable curve for region A does not change significantly. When the initial vertical stress is 4 MPa and the stress loading rate increases, the damage rate for region A decreases gradually. When the initial vertical stress is 6 MPa and the stress loading rate increases, the region A damage rate first decreases but then increases. When the initial vertical stress is 8 MPa and the stress loading rate increases, the damage rate of region A gradually increases. These results show that the stress loading rate Stress-time-damage curves under the non-uniformly distributed load test of rock-like specimens. a Scheme #1, b scheme #2, c scheme #3, d scheme #4, e scheme #5, f scheme #6, g scheme #7, h scheme #8, i scheme #9 and the initial vertical stress must be considered together to better analyse the damage in rock material. It is worth noting that, for most of the experiments run under the analytical conditions listed in Table 1 , there were fewer AE hits generated in region A than in region B. After fractures were generated in region A, the damaged block was extruded and only a small number of AE hits were generated. For region B, because of the constraints imposed by the region A damaged block, the degree of damage was lower than that in region A. The AE hits are generated by two means: one is the rock-like material breaking, and the other is the material being extruded. However, based on Eq. (2), region A was damaged more than region B. The results show that the AE hits can be used to analyse the damage to the rock material. However, the evolution of damage and the number of AE hits are different for different materials under different stress conditions, and it is necessary to investigate the two separately. In addition, one cannot determine the amount of damage done to any specific rock material by merely counting the number of AE hits. For example, the number of AE hits for region A was lower, but the mechanical bearing capacity of region A was lower, and from an engineering point of view, the region suffered more damage. If one wants to use AE hits to analyse rock damage, additional factors, such as the type of material, the geological structure, the size, the monitoring method, and the stress environment, should also be considered.
Rock Damage Analysis Based on Acoustic Emissions
(2) D = D u C d C (3) D u = 1 −
Conclusions
The mechanical and acoustic emission characteristics of rock-like material under non-uniform load are different from those of the traditional biaxial compression test. The mechanical strength and peak deformation of the non-uniform load test are higher than those of the traditional biaxial compression test. However, for the maximum number of hits and the occurrence time of the maximum number of hits at the peak strength stage, the traditional biaxial compression test is greater and earlier than the non-uniform load test.
The mechanical properties of rock-like materials can be quite localized and change over very short distances when the rocks are subjected to non-uniformly distributed loads. During non-uniform load testing, when the initial vertical stress and stress loading rate are fixed, the peak strength of region B is approximately twice that of region A. The initial vertical stress and stress loading rate have different influences on the peak strength and peak deformation of rock-like materials. The greater the initial vertical stress, the lower the peak strength and peak deformation; the larger the stress loading rate, the greater the peak strength and the lower the peak deformation.
During the experiments, the number of acoustic emission hits produced can be divided into four stages: a decreasing stage, a stage of sudden increase, another decreasing stage, and a stage of steady increase. The occurrence time and magnitude of the maximum number of AE hits are quite different in region A and region B. When the initial vertical stress and stress loading rate are fixed, the maximum AE hit value of region A is approximately 1-2 times the value for region B. When the stress loading rate is constant, greater initial vertical stresses correlate with lower maximum hits and an earlier appearance of the maximum hit event. When the initial vertical stress is constant, a larger stress loading rate has a lower maximum of AE hits and an earlier time of arrival for the maximum hit peak.
Based on the damage variable, region A is damaged sooner than region B, and the degree of damage acceleration at the peak stress stage is greater. When the stress loading rate is kept constant as the initial vertical stress increases, the damage rate for region A decreases gradually, but the damage rate for region B increases. When the initial vertical stress is constant as the stress loading rate increases, the damage rate for region B gradually increases, but the damage rate for region A does not change significantly.
The AE hits can be used to analyse the damage in rock material, but the number of AE hits cannot be used alone to determine the degree of rock damage directly. The effects of factors such as the specific composition of the material, the structure, the size, the location, the monitoring method, and the stress environments should also be considered. 
